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Abstract 

The objective of the present study was to determine the antihyperalgesic effect of sertraline, measured indirectly by the 
changes of sciatic afferent nerve activity, and its effects on cardiorespiratory parameters, using the model of formalin-induced 
inflammatory nociception in anesthetized rats. Serum serotonin (5-HT) levels were measured in order to test their correlation 
with the analgesic effect. Male Wistar rats (250-300 g) were divided into 4 groups (N = 8 per group): sertraline-treated group 
(Serf + Saline (Sal) and Sert + Formalin (Form); 3 mgkg _1 day 1 , ip, for 7 days) and saline-treated group (Sal + Sal and Sal 
+ Form). The rats were injected with 5% (50 uL) formalin or saline into the right hind paw. Sciatic nerve activity was recorded 
using a silver electrode connected to a NeuroLog apparatus, and cardiopulmonary parameters (mean arterial pressure, heart 
rate and respiratory frequency), assessed after arterial cannulation and tracheotomy, were monitored using a Data Acquisition 
System. Blood samples were collected from the animals and serum 5-HT levels were determined by ELISA. Formalin injection 
induced the following changes: sciatic afferent nerve activity (+50.8 ± 14.7%), mean arterial pressure (+1.4 ± 3 mmHg), heart 
rate (+13 ± 6.8 bpm), respiratory frequency (+4.6 ± 5 cpm) and serum 5-HT increased to 1 162 ± 124.6 ng/mL. Treatment with 
sertraline significantly reduced all these parameters (respectively: +19.8 ± 6.9%, -3.3 ± 2 mmHg, -13.1 ± 10.8 bpm, -9.8 ± 5.7 
cpm) and serum 5-HT level dropped to 634 ± 69 ng/mL (P < 0.05). These results suggest that sertraline plays an analgesic role 
in formalin-induced nociception probably through a serotonergic mechanism. 
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Introduction 

Several studies in rodents have suggested that serotonin 
(5-HT) modulates nociceptive responses (1-3). However, its 
involvement in pain processing is complex since 5-HT may 
inhibit and/orfacilitate nociceptive transmission depending 
on the type of nociceptive stimuli and the nature of the 
5-HT receptors expressed, i.e., peripheral and/or central 
(3,4). In the periphery, endogenous 5-HT is released from 
mast cells, platelets and endothelial cells in response to 
tissue injury (5,6). 

Administration of exogenous 5-HT may produce hyper- 
polarization and/or depolarization depending on the popula- 
tion of neurons recorded and the receptor type activated 
(7). Formalin-induced nociception seems to involve local 
5-HT release (8,9). Peripheral 5-HT 2 , 5-HT 3 , 5-HT 4 , 5-HT 6 , 
and 5-HT7 receptors are involved in the sensitization of 



primary afferent fibers activated by formalin injection (10). 
Among these receptor subtypes, 5-HT2A receptors have an 
important role in inflammatory pain (3, 1 1 ). In an anesthetized 
animal, afferent nerve activity is scarce and only present if a 
specific receptor is activated. Therefore, it is reasonable to 
infer that a surge in neuronal afferent activity after formalin 
injection, in a nerve ramus that was previously silent, can 
be due to nociceptive receptor activation. 

Sertraline is a highly selective inhibitor of 5-HT reuptake 

(12) . Drugs from its class, the selective serotonin re-uptake 
inhibitor (SSRI) antidepressants, are also used in the treat- 
ment of chronic pain states, either alone or as adjuvants 

(13) . The antidepressant effect occurs after 2-3 weeks of 
treatment, while the analgesic action is already present after 
administration of a single dose (14). The analgesic effect of 
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SSRIs seems to involve serotonergic mechanisms and the 
activation of endogenous opioid systems (15,16). 

5-HT is both a central neurotransmitter and a peripheral 
mediator of inflammation and inflammatory pain (17,18). 
This bioamine has important effects on the cardiovascular 
system both peripherally and centrally (19). For instance, 
central 5-HT, acting on its several receptor subtypes, plays 
a role in the central control of heart rate, blood pressure 
and respiration (18). Serotonergic neurons in the brainstem 
project to various sites in the central nervous system and 
exert powerful neuromodulatory influences on the motor 
system, such as respiratory control (20,21). However, se- 
rotonin receptor activation can produce both excitatory and 
inhibitory effects on respiratory control, which appears to be 
related to experimental preparation, developmental stage, 
animal species, and route of drug administration (22). 

Therefore, the objective of the present study was to 
determine the antihyperalgesic effect of sertraline, indirectly 
assessed through the changes of sciatic nerve activity, and its 
influence on the cardiorespiratory parameters in the formalin- 
induced nociception model using anesthetized rats. 

Material and Methods 

Animal care and experimental groups 

Male Wistar rats weighing 250-300 g from our breed- 
ing stock (Centra de Ciencias da Saude, Universidade 
Federal do Espirito Santo, UFES) were used. The animals 
were divided into four groups [saline + saline (Sal + Sal); 
Sal + formalin (Sal + Form); sertraline + Sal (Sert + Sal), 
and Sert + Form; N = 8 each)]. Animals received sertraline 
(3 mg-kg~ 1 -day" 1 , ip) or saline (0.9% NaCI, ip) for 7 days. 
The animals of each group were kept in separate cages 
(8 rats/cage) on a 12-h light/1 2-h dark cycle at a controlled 
temperature of 22°C, under artificial lighting and with food 
and water ad libitum. The study was approved by the Ani- 
mal Ethics Committee of the UFES (CEUANo. 017/2009), 
and the care and use of animals conformed to national and 
international guidelines. 

Surgical procedures and experimental design 

Rats were initially anesthetized with 3% halothane in 
an induction chamber and subsequently maintained with 
urethane (1.2 g/kg, iv). These anesthetics were chosen 
because they are widely used in experiments that involve 
nerve recordings and are recommended for their minimal 
effects on nerve activity. Under halothane anesthesia, the 
animals were placed in the supine position and a heparinized 
(1000 U/mL) saline-filled PE-50 catheter was inserted into 
the left femoral artery and vein. A flexible elastic tube was 
inserted into the trachea. The rats were then placed in the 
prone position, and a microscope (M-900, D.F., Brazil) was 
used fordissecting the rightsciatic nerve (ScN). Subsequent 
nerve activity was recorded in arbitrary units using silver 
wire electrodes. The branch of the ScN that was selected 



to record afferent electrical activity was sectioned in order 
to prevent the recording of efferent motor activity. Mineral 
oil and vaseline were placed on the incision to prevent 
nerve lesion and to maintain nerve integrity. The param- 
eters measured were ScN activity, mean arterial pressure 
(MAP), heart rate (HR), respiratory frequency (RF), and 
serum serotonin level. 

Saline or formalin injection in the rat paw 

The formalin administration was performed according 
to the method of Dubuisson and Dennis (23), whereby 
50 uL 5% (v/v) formalin or saline was subcutaneously 
injected into the right paw as an acute pain stimulus. The 
injection was performed on the eighth day after treatment, 
1 h after the surgical procedures, at the beginning of the 
experimental protocol. 

Sciatic nerve electrical activity and cardiorespiratory 
parameters 

One hourafter the surgical procedures, the extracellular 
action potentials were recorded with an AC amplifier (NL- 
104, NeuroLog®, Digitimer, UK). The signals were filtered 
(NL-126, NeuroLog®), connected to an audio amplifier (NL- 
120, NeuroLog®) and linked to an oscilloscope (Tektronix 
2205, USA). Subsequently, signals were processed with a 
spike trigger discriminator (NL-200, NeuroLog®) and pulse 
integrator (NL-601 , NeuroLog®). The cardiorespiratory pa- 
rameters (MAP, HR and RF) were recorded by connecting 
the catheters placed into the left femoral artery and trachea 
to a Gould polygraph (RS3400). These signals were simul- 
taneously digitalized with the Acknowledge Software for 
Windows (Biopac® System, USA) for subsequent analysis. 
Unless otherwise stated, all results are reported as the dif- 
ference from basal value (A). 

Measurement of serum serotonin concentration 

At the end of the experimental protocol (60 min after 
formalin injection) the animals were decapitated and blood 
samples were collected for analysis of serum 5-HT and 
stored at -80°C. The concentration of serotonin in stored 
serum samples was determined with an enzyme-linked 
immunosorbent assay kit (GmbH, Immunotech/Coulter, 
Canada) (24). 

Drugs 

The following substances were used in the present 
study: 5% formalin (formaldehyde; Synth, Brazil) dissolved 
in distilled water and injected into the hindpaw; halothane, 
an inhalation anesthetic (2-bromo-2-chloro-1,1,1-trifluoro- 
ethane; Cristalia, Brazil); urethane, a general anesthetic 
injected intravenously (Sigma-Aldrich, USA), and sertraline 
hydrochloride dissolved in distilled water (Sigma-Aldrich). 

Statistical analysis 

Unless otherwise stated, the changes in cardiorespira- 
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tory and sciatic nerve activity parameters were compared 
by two-way ANOVA, followed by the a posteriori Fisher 
test. The changes in serum 5-HT levels were compared by 
one-way ANOVA followed by the a posteriori Tukey test. 
All data are reported as means ± SEM. Differences were 
considered to be significant at P < 0.05. 

Results 

The injection of formalin into the intraplantar region of 
the right hindpaw (Sal + Form) caused an increase in the 
afferent activity of the ScN in the first phase (%AScN in 
10 min: +28.25 ± 8.5%) and in the second phase [starting 
within 30 min (%AScN in 30 min: +40.6 ±11.1%, 40 min: 
+50.8 ± 14.7%, and 50 min: +49.3 ± 14%)] of the formalin 
test. However, during the latter phase, pretreatment with 



sertraline (Sert + Form) significantly depressed the ScN 
activity (%AScN in 40 min: +20.1 ± 7.2% and 50 min: +1 9.8 
± 6.9%; Figure 1A). 

As shown in Figure 1B, the injection of formalin caused 
an increase in MAP (AMAP in the Sal + Form group at 10 
min: 0.37 ± 2.2; 20 min: 0.25 ± 2.3; 30 min: 1.37 ± 3.3; 40 
min: 1.37 ± 3; 50 min: 1.40 ± 3 mmHg and in the Sert + 
Form group at 10 min: -3.3 ± 1.7; 20 min: -3.5 ± 2.7; 30 
min: -3.3 ± 2.3; 40 min: -3.2 ± 2.2; 50 min: -3.3 ± 2 mmHg) 
compared to the Sal + Sal group (AMAP in 10 min: -10.1 ± 
1 .6; 20 min: -14.4 ± 2.8; 30 min: -16.7 ± 3.4; 40 min: -19.1 ± 
3.9; 50 min: -19 ± 3.9 mmHg) and Sert + Sal group (AMAP 
in 10 min: -6.2 ± 2.5; 20 min: -13.5 ± 5.3; 30 min: -16.5 ± 
5.8; 40 min: -20.1 ± 5.6; 50 min: -20.7 ± 4.3 mmHg) at all 
times analyzed. 

Formalin injection induced an increase in HR (AHR in 
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Figure 1. Effects of sertraline administration on A, sciatic nerve activity; S, mean arterial pressure; C, heart rate; D, respiratory fre- 
quency in an animal model of acute pain produced by the injection of 50 uL 5% formalin. Data are reported as means ± SEM for N = 8 
rats per group. Sal = saline; Form = formalin; Ser = sertraline. *P < 0.05, Sert + Form vs Sert + Sal group; + P < 0.05, Sal + Form vs Sal 
+ Sal; # P < 0.05, Sal + Form vs Sert + Form group (analysis of variance (ANOVA) followed by the posr hoc Fisher test). 
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Sal + Form group in 10 min: 6.25 ± 6.4; 20 min: 10 ± 6.4; 
30 min: 16.3 ± 6.5; 40 min: 13.7 ± 6.9; 50 min: 13 ± 6.8 
bpm and in Sert + For group in 10 min: 12 ± 8.9; 20 min: 
16 ± 7.2; 30 min: 21.7 ±6.8; 40 min: 15 ±5.4; 50 min: 15.3 
± 5 bpm) compared to the Sal + Sal group (AHR in 10 min: 
-9.4 ± 3.6; 20 min: -17.6 ± 5.5; 30 min: -16.8 ± 6.8; 40 min: 
-14.4 ± 8.2; 50 min: -12.7 ± 7 bpm) and Sert + Sal group 
(AHR in 1 0 min: -1 3.6 ± 6.8; 20 min: -12.6 ± 8; 30 min: -1 3.1 
± 10.8; 40 min: -14.8 ± 11.7; 50 min: -4.8 ± 8.9 bpm) at all 
times analyzed (Figure 1C). 

Pretreatment with sertraline was able to reduce RF 20 
min after formalin injection (ARF in Sert + Form in 20 min: 
-12.7 ± 4.7; 30 min: -10.5 ± 3.1; 40 min: -9.7 ± 5.8; 50 min: 
-9.8 ± 5.7 cpm vs Sal + Form in 20 min: 7.5 ± 5; 30 min: 
3.7 ±5; 40 min: 4.5 ±5.1; 50 min: 4.6 ± 5 cpm) (Figure 1D). 
On the other hand, sertraline was not able to decrease RF 
without formalin (ARF in Sert + Sal in 10 min: 7.5 ± 6.8; 20 
min: 2.25 ± 5.3; 30 min: 4.5 ± 5.5; 40 min: -0.8 ± 5.7; 50 
min: -0.8 ± 5 cpm). 

Formalin injection promoted an increase in the level 
of serum 5-HT in the Sal + Form group (1162 ± 124.6 ng/ 
ml_) and pretreatment with sertraline was able to normal- 
ize the serum levels of 5-HT (Sert + Form = 634.2 ± 69; 
Sert + Sal = 612.4 ± 47.8 and Sal + Sal = 683.3 ± 70.6 ng/ 
ml_; Figure 2). 

Discussion 

The present study showed that sertraline inhibits a 
classical experimental model of pain, the formalin-induced 
nociception. Sertraline was able to attenuate the increase 
in the afferent activity of the ScN after a painful stimulus. 
This effect was accompanied by a decrease in RF and 
a decrease in serum 5-HT concentration. In addition, 
formalin administration caused an increase in MAP and 
tachycardia. 

Formalin is an agent used to induce hyperalgesia 
and inflammation in rat paws, and this model has been 
considered to be a suitable model for acute clinical pain 
(25). McNamara et al. (26) showed that formalin activates 
primary afferent sensory neurons through a specific and 
direct action on TRPA1 , a member of the transient receptor 
potential family of cation channels that is highly expressed 
by a subset of C-fiber nociceptors. The nociceptive response 
to formalin occurs in a biphasic pattern: there is an initial 
acute period (phase 1, duration of 7 ± 10 min) and, after 
a short period of remission, phase 2 begins, consisting of 
a longer period (1 h) of sustained activity (27,28). Phase 
1 is thought to be produced by the acute activation of pri- 
mary afferent fibers by formalin injection (neurogenic pain), 
whereas phase 2 has been associated with the release of 
local endogenous mediators responsible for sensitization 
of primary and spinal sensory neurons and subsequent 
activation of the nociceptors (27), including 5-HT, histamine, 
bradykinin, and prostaglandins, which accounts for the 
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Figure 2. Plasma levels of serotonin (5-HT) 50 min after formalin 
or saline injection into the rat paw. Data are reported as means ± 
SEM for N = 8 rats per group. Sal = saline; Form = formalin; Ser 
= sertraline. + P < 0.05, Sal + Form vs Sal + Sal; # P < 0.01 , Sal + 
Form vs Sert + Form group (one-way ANOVA). 



sensitization of primary afferent fibers (inflammatory pain) 
(29-31). Our results are based on an indirect marker of 
nociceptive activation, i.e., afferent ScN activity. Formalin 
injection induced an increase in ScN activity in phase 1 (10 
min) and phase 2 (from 30 min on), with a short period of 
remission (20 min). Pretreatment with sertraline was able 
to decrease ScN activity in phase 2. 

Nakajima etal. (9) demonstrated that formalin injection 
induced a dose-dependent 5-HT release during phase 2A 
(12-30 min after formalin injection) of the formalin test. 
Furthermore, recent studies have suggested that formalin 
would induce peripheral 5-HT release, which in turn would 
activate 5-HT receptors in primary afferent fibers (8). Our 
data agree with these observations and show that formalin 
injection increases serum serotonin concentration, which 
may contribute to the increase in nerve activity. In order to 
confirm or not this suggestion, studies evaluating the effect 
of 5-HT receptor antagonists on the increased ScN activ- 
ity caused by formalin are now in progress. Our data also 
demonstrated that sertraline was able to change the serum 
levels of 5-HT to baseline values, possibly contributing to 
the inhibitory effect of this drug on ScN activity. 

The analgesic properties of SSRIs have only been 
partially studied. Abdel-Salam et al. (12) demonstrated that 
sertraline displayed antinociceptive effects in the electrical 
stimulation of the tail flick test, probably by potentiating 
supraspinal 5-HT-mediated processes and interactions with 
biogenic amine, opioid and/or adenosine systems. Corrobo- 
rating these findings, Wang et al. (32) demonstrated that 
sertraline and paroxetine block Na + currents and this block- 
ing action on the open neuronal Na + channel could work 
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cooperatively with other pharmacological targets of these 
SSRI antidepressants on the central and peripheral pain 
pathways. Furthermore, Otsuka et al. (33) demonstrated 
that sertraline (20 mg/kg) produced a significant reduction 
in the time the animals spent licking the injected paw in the 
formalin test. Our findings showed that sertraline, under 
the present experimental conditions and in the dose and 
treatment regimen applied (3 mg-kg" 1 -day" 1 for 7 days), was 
also able to reduce formalin-induced nociception. 

We also examined the effects of sertraline on the car- 
diorespiratory system both independently and in association 
with a nociceptive stimulus. Thus, we observed an increase 
in MAP and HR of formalin trial groups not previously 
treated with sertraline. It has been well established that 
nociception modulates HR and MAP, validating the use of 
these parameters as indicators of pain in animal models 
(34,35). Sertraline also reduced RF after the nociceptive 
stimulus. The idea that serotonergic neurons participate in 
the regulation of respiration is supported by the presence of 
serotonergic nerve terminals and serotonergic receptors in 
respiratory nuclei such as the nucleus tractus solitarii, the 
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hypoglossal nucleus and the preBotzingercomplex (36,37). 
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in reducing RF. 

The results presented here suggest that treatment with 
sertraline inhibits the afferent activity of the ScN caused by 
formalin injection into rats. In addition, we demonstrated 
that sertraline was able to decrease the MAP, HR and RF 
responses to nociceptive receptor activation. Moreover, all 
of these changes probably involve peripheral serotonergic 
mechanisms. Further understanding of this process may 
help the development of peripherally acting analgesic 
drugs. 
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